Fe modified rice husk was prepared as a low cost biosorbent for the removal of Cr(VI) and phenol both singly and in combination from single and binary simulated synthetic waste water. Rice husk was modified by treating with FeSO 4 ⋅7H 2 O. The results showed that impregnation of iron onto the surface of rice husk improved the adsorption capability of both Cr(VI) and phenol. The effects of process parameters for multicomponent system such as pH, adsorbent dose, and contact time onto the percentage removal of both Cr(VI) and phenol were investigated. The experimental data for the adsorption of both Cr(VI) and phenol onto the surface of Fe modified rice husk applied to various kinetic and adsorption isotherm models. Multicomponent isotherm models such as Nonmodified Langmuir, Modified Langmuir, Extended Langmuir, Extended Freundlich, Competitive Nonmodified Redlich Peterson, Competitive Modified Redlich Peterson were applied. The results show that Extended Freundlich model best described the experimental data for both Cr(VI) and phenol from binary solution. Pseudo second-order model agreed well with Cr(VI) while pseudo first-order model agreed well with phenol. Maximum adsorption capacity in synthetic binary solution of Cr(VI) and phenol was found to be 36.3817 mg g −1 for Cr(VI) and 6.569 mg g −1 for phenol, respectively.
Introduction
Heavy metals are often present with phenolic compounds in the environment which have adverse effects on living species including man [1] . Precipitation/coagulation [2] , chemical oxidation [3] , biodegradation [4] , adsorption [5] , ion exchange [6] , membrane processing [7] , electrolytic methods [8] , and so forth are some important methods which have been used to remove the heavy metal ion and phenolic contents together from the effluents of various industries such as leather tanning, electroplating, and alloying [5] . Cr(VI) and its copollutants such as phenol, naphthalene, and trichloroethylene released from these industries contaminate ground water aquifers, lake, river sediments, and soil [9] . Much research has been carried out on the uptake of single pollutant; nevertheless due to the fact that organic pollutants also exist with metallic species, in the recent year simultaneous removal of phenol and Cr(VI) has gained a great attention in waste water treatment processes [1] . Biosorption is proved to be most promising technologies for the simultaneous removal of organic compound and heavy metal ions from waste water and an alternative to conventional or traditional methods such as precipitation, ion exchange, and catalytic reaction [10] . Nanobiocatalyst is also fabricated by the researcher for the degradation of toxic pollutant [11] . Mixed culture of bacterium is also used for the degradation of organic dye [12] [13] [14] . Fluidized bed reactor was also used for the treatment of industrial waste water [15] . To optimize the cost of the process the use of low cost biosorbent is an efficient method for the removal of toxic pollutant [16] . In literature lots of biosorbent were used for the removal of Cr(VI) [17] such as, rice husk ash, activated alumina [18] , wood apple shell [19] , neem saw dust [20] , pine needle powder [21] , activated carbon from olive bagasse [22] , and egg shell membrane [23] . The biosorbent used for the removal of phenol are bentonite [24] and polymerized 2 International Journal of Chemical Engineering saw dust [25] . Modification of biosorbent by impregnation of metal ions and acid treatment enhances the percentage removal of pollutants [26] [27] [28] . Chromium is found in the environment predominantly in two forms Cr(III) and Cr(VI) while Cr(VI) is most mutagenic and carcinogenic to the living organism [29] . Chromium sulphate [Cr(III)] is used as tanning agent which is converted to Cr(VI) causing severe contamination of ground water. Phenol is also highly toxic and recalcitrant organic compound used as biocide in leather tanning process [30] . According to WHO the maximum contaminant level of chromium in the drinking water is 0.05 mg L −1 [31] . According to the US environmental protection agency permissible limit of phenol for discharge in waste water is 0.005 mg L −1 [32] . The aim of this work is (i) to study the effect of process parameters such as pH, contact time, and adsorbent dose on the percentage removal of Cr(VI) and phenol from binary simulated synthetic solution and (ii) to determine the suitability of various single and multicomponent equilibrium isotherm models, and (iii) to determine the kinetics of adsorption of Cr(VI) and phenol onto the surface of Fe treated rice husk.
Materials and Methods

Surface Modification of Rice
Husk. 2 g of rice husk was added to 8 mL of 2 M FeSO 4 ⋅7H 2 O solution in 500 mL conical flak and then kept on stirring plate at 105 ∘ C. 0.1 M of NaOH was added drop wise to the solution by the help of burette fitted to conical flask to increase the pH 4-5 so that iron is precipitated. This process was carried out continuously 3-4 h. Upon cooling the rice husk was covered with a thick layer of orange colour iron oxide. Then rice husk was washed with distilled water to remove extra quantity of iron precipitate which was not impregnated on the surface of rice husk. Finally this Fe treated rice husk was dried in an oven at 50 ∘ C for 2 h and then sieved to obtain homogeneous particle size [33] .
Batch Experiments.
Batch adsorption studies were carried out in 250 mL flat bottom flask with working volume of 50 mL in incubator shaker at 120 rpm and 30 ∘ C. Binary solution of Cr(VI) and phenol was prepared by mixing them in 2 : 1 ratio as they are generally present in this ratio in industrial waste water such as such as tannery, textile, electroplating, and alloying. Initial concentration of Cr(VI) and phenol in binary solution was chosen as 100 mg L −1 and 50 mg L −1 , respectively. The effect of various parameters such as pH, contact time, adsorbent dose, and initial concentration of Cr(VI) and phenol was determined. The optimum value of process parameters such as pH, contact time, adsorbent dose, and initial concentration was determined for the maximum percentage removal of Cr(VI) and phenol. The pH was varied from 2 to 9, adsorbent dose 0.2 to 1.6 g, and contact time 0.5 to 14 h. Similar experiments were also carried out for single component for the same range of parameters to find the multicomponent parameters. The pH of binary solution was maintained by 0.1 N HNO 3 and 0.1 N NaOH. Samples were agitated in incubator shaker under controlled temperature at a constant speed of 120 rpm at 30 ± 1 ∘ C. After certain time interval samples were withdrawn from shaker and filtered using Whatman filter paper Cat. number 1001 125. Thereafter concentration of Cr(VI) and phenol in filtrate was measured using UV-visible spectrophotometer by diphenyl carbazide method at 540 nm for Cr(VI) and 4-amino antipyrine method at 570 nm for phenol. There was no oxidation reaction in the experimental system as when the binary solution of phenol and Cr(VI) was prepared their initial concentration was investigated at different interval of time, which was constant which proved that phenol was not oxidized to CO 2 and H 2 O. When the Fe treated rice husk was added the concentration of both Cr(VI) and phenol started to decrease which confirmed the simultaneous adsorption of Cr(VI) and phenol.
The percentage removal was calculated as
The adsorption capacity (mg/g) was calculated as follows: Figure 1 (a) before adsorption of Cr(VI) and phenol that the surface was homogeneous and porous but after simultaneous biosorption of Cr(VI) and phenol surface was rough and lesser porous than before adsorption Figure 1 (b) [34, 35] . As in Figure 1 (a) large numbers of small pores are clearly visible while in Figure 1 (b) after adsorption these pores were not present which was rougher and bulky than before adsorption. EDX was carried out to give the elemental composition of the samples. EDX analysis of Fe treated rice husk before adsorption is shown in Figure 2 (a) showing the peaks mainly for elements C, O, and Si and also smaller peaks for Fe, Mg, K, and Ca. The peak of Fe in EDX spectra shows that iron was impregnated on the surface of rice husk. After simultaneous adsorption of Cr(VI) and phenol the elemental compositions in weight % of peak of C, N, O, and Ca obtained from EDX analysis were different from before adsorption shown in Figure 2 (b) which shows simultaneous adsorption of phenol and Cr(VI). In the EDX spectra the adsorption of phenol was confirmed by changes in the percentage of carbon and oxygen on the surface of Fe treated rice husk after adsorption. The peak of carbon and oxygen before adsorption was different from after adsorption while the adsorption of Cr(VI) was confirmed by the peak of Cr in EDX spectrum after adsorption. 
Characterization of Fe Treated Rice Husk
FTIR of Biosorbent before and after
0.0 1.3 2.6 3.9 5.2 6.5 7.8 9.1 10.4 11.7 13.0 were characteristics of C=C in aromatics rings. Peaks at 1237.44-1049.88 cm −1 attributed to C-O group on the surface of biosorbent [5, 36, 37] . Furthermore peaks at 798.88-461.94 cm −1 indicated the presence of silica SiO 2 . From the FTIR spectrum before and after simultaneous removal of phenol and Cr(VI) it is clear that there is decrease in peak in wavelength ranges 2360.28 cm −1 and 798.88-461.94 cm
which indicates simultaneous adsorption of Cr(VI) and phenol.
Results and Discussion
Process Parameter Optimization
Effect of pH.
The changes in percentage removal of Cr(VI) and phenol by adsorption on Fe treated rice husk due to change in pH are shown in Figure 4 . pH reflects the nature of biosorption mechanism on the surface of biosorbent. Physciochemical interaction of pollutants in solution is related to pH [1, 5] . pH affects the property of functional groups such as carboxylate, phosphate, and amino groups present on the surface of biosorbent which is responsible for the adsorption of pollutant [38] . Simultaneous removal of phenol and Cr(VI) depends on their chemistry of adsorption on the surface of biosorbent. The same pH binding profile for binary solution of phenol and Cr(VI) could be due to the behaviour of chemical interaction of each component with biosorbent. Maximum percentage removal of both components was obtained at pH 5 as shown in Figure 4 . At low pH large hydrogen ions compete with metal ions at binding site resulting in low uptake; therefore optimum pH for maximum percentage removal of both components was usually between 5 and 9. It could be due to fact that at low pH value Cr(VI) was present in the form of Cr 2 O 7 2− and HCrO 4 − but at higher pH value CrO 4 2− ions prevailed in the solution; uptake of these metal ions depends upon the affinity with biosorbent [1] . In contrast to Cr(VI) adsorption, phenol adsorption was due to van der Waals forces andinteraction between phenyl ring and biosorbent [39] .
Effect of Quantity of Fe Treated Rice
Husk. Fe treated rice husk was used as biosorbent for the dual biosorption of phenol and Cr(VI) from binary mixture of them. The optimum quantity of Fe treated rice husk for the maximum percentage removal of both phenol and Cr(VI) simultaneously was 24 g L −1 as shown in Figure 5 . The simultaneous removal of both phenol and Cr(VI) increases with increase in quantity of biosorbent and then becomes constant. It could be due to fact that, with the increase in quantity of biosorbent, surface area as well as number of possible active sites increases [40] . After reaching the optimum adsorbent dose, the percentage removal becomes constant as there is no effect on the percentage removal with the increase in quantity of Fe treated rice husk. It could be due to the fact that the concentration gradient between the adsorbent surface and solution becomes zero; therefore overlapping of adsorbent particles occurs after reaching optimum adsorbent quantity [41, 42] . Quantity of Fe treated rice husk was varied from 0.2 g to 1.6 g in 50 mL binary solution of phenol and Cr(VI) but after 1.2 g percentage removal of phenol and hexavalent chromium becomes constant; therefore 24 g L −1 was considered as optimum biomass dose. Further equilibrium and kinetic studies were carried out at this optimum dose. Adsorbent dose (g) Figure 5 : Effect of quantity of Fe treated rice husk on adsorption of Cr(VI) and phenol.
Effect of Contact
to reach equilibrium condition for phenol was less than that of Cr(VI). It could be due to lower concentration of phenol in binary mixture. Equilibrium time for Cr(VI) and phenol was found to 12 h and 9 h, respectively. Figure 6 shows that initially both Cr(VI) and phenol were adsorbed onto the surface of biosorbent very rapidly after that it is adsorbed gradually and then becomes constant. It could be due to fact that initially there was high concentration gradient between the bulk liquid and adsorbent surface after concentration gradient decreases [43, 44] . Langmuir model:
Multicomponent Isotherm
Freundlich model:
Redlich Peterson model:
Competitive Nonmodified Redlich Peterson model:
Competitive Modified Redlich Peterson model:
Nonmodified Competitive Langmuir model:
. 
Extended Langmuir model:
Extended Freundlich model:
Estimation of Parameters of Single Component Isotherm
Model. The adsorptive equilibrium data for the adsorption of Cr(VI) and phenol on Fe treated rice husk was analysed using Microsoft Excel 2010. Single component modelling was carried out to determine best fit equilibrium model and for the estimation of parameters of multicomponent models. Table 1 summarizes the parameters obtained from single component model. Langmuir constant measures the interaction between adsorbate and adsorbent. Langmuir constant obtained for phenol was more than that of Cr(VI) which indicates the more stable phenol : carbon interaction than Cr(VI) : carbon interaction at the adsorbent surface [42] . Biosorption capacity for Cr(VI) 7.5596 mg g [47] was less than 1. Depending upon the results listed in Table 1 best isotherm models fitted for Cr(VI) are in following order: Redlich Peterson > Freundlich > Langmuir, while that of phenol is Freundlich > Redlich Peterson > Langmuir. Table 1 in comparison to other multicomponent isotherms. Figures 8(a) and 8(b) compared the uptake (mg g −1 ) of Cr(VI) and phenol, respectively, with concentration which shows that Extended Langmuir, Extended Freundlich, and Nonmodified Redlich Peterson for Cr(VI) agreed well with experimental specific uptake while Extended Freundlich, Extended Langmuir, and Modified Redlich Peterson agreed well with phenol which is confirmed by lower MPSD values as shown in Table 2 . Nonmodified Langmuir and Modified Langmuir shows a very poor fit to the experimental data for both Cr(VI) and phenol with very high MPSD values. 4.3. Kinetic Modelling. Kinetic modelling was carried out to know the nature of adsorption such as physisorption and chemisorption's [48] . Various kinetic models are available in literature [49] . Kinetic models such as pseudo first-order and pseudo second-order models and intraparticle diffusion model have been applied in the present study [50, 51] .
Estimation of Parameters of Multicomponent Isotherm
Pseudo first-order model:
Pseudo second-order model:
Intraparticle diffusion model:
Experimental data for the binary biosorption of Cr(VI) and phenol on the surface of Fe treated rice husk agreed well with both pseudo first-order and pseudo second-order kinetic model and results were shown in Tables 3 and 4 , respectively. For Cr(VI) pseudo second-order model was best fitted to experimental data in comparison to pseudo first-order model while for phenol pseudo first-order model best described the experimental data which is confirmed by lower ARE values. A comparative plot of experimental and calculated value of adsorption capacity (mg g −1 ) varied with time was plotted for both Cr(VI) and phenol as shown in Figures  9(a) and 9(b) , respectively. From the figures it was cleared that experimental adsorption capacity was in good agreement with pseudo second-order model for Cr(VI) while pseudo first-order model for phenol.
To determine the nature of diffusion intraparticle diffusion model [52] was also applied for the binary biosorption of Cr(VI) and phenol. According to intraparticle diffusion model a plot of (mg L −1 ) versus 0.5 was drawn in Figure 10 [53] . Applicability of intraparticle diffusion model as a rate controlling step depends upon that the plot passes through the origin [54] but here plot for both phenol and Cr(VI) does not passes through the origin which states that here intraparticle diffusion is not a rate controlling step. 
More accurate estimation of value depends upon MPSD value. The MPSD value should be smaller for correct estimation of . Average Relative Error (ARE) between the experimental and calculated values was calculated for the validation of kinetic model. The equation for calculating ARE is given by the following equation [42, 43] :
For the accurate estimation of value ARE should be smaller. 
